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We study the generation of aether-like Lorentz-breaking actions in three, four 
and five dimensions via an appropriate Lorentz-breaking coupling of electro- 
magnetic and spinor fields. Special attention is given to the four-dimensional 
case where we discuss the issue of ambiguities. 



1. Introduction 

The breaking of Lorentz symmetry has attracted great scientific attention. 
One of the more interesting direction in its study is the search for possible 
Lorentz-violating extensions of field theory models. A review of possible 
forms of such extensions has been presented in Ref. 1. At the same time, 
we should note that the most known examples of the Lorentz-violating 
terms also break the CPT symmetry being constructed on the basis of a 
constant vector. Typical examples are the Carroll-Field- Jackiw term 2,3 and 
the gravitational Chern-Simons term. 4 

Thg CPT-odd terms are not the only possible Lorentz-breaking terms; 
there are also CPT-even Lorentz-breaking terms. In this context, some ex- 
amples were discussed 5 in the analysis of the Lorentz-violating Standard- 
Model Extension. The most important example of such terms is the aether 
term originally arising in studies of extra dimensions. 6 Different aspects of 
the aether terms for the scalar, gauge and spinor fields have been carried 
out in Ref. 7. In this communication, we discuss in detail the aether term 
for the electromagnetic field, particularly the problem of ambiguities. 
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2. Aether term in electrodynamics 

The starting point of our study is the following action for the spinor field 
coupled to the electromagnetic field in a nonminimal manner: 



1 



V(i 7 • - m - ~e abc b a F bc )i, - -F ab F 



ah 



(l) 



where e ahc is a matrix-valued object, antisymmetric with respect to its 
Lorcntz indices and defined as e ahc = e ahc in D = 3; e abc = e abcd ld in 
&de in D — 5. Here b a is a vector implementing the 



D = 4, and l abc = 



ibcdc 



Lorentz symmetry breaking. We note that in three- and five-dimensional 
spacetimes the one-loop contribution is finite within the framework of the 
dimensional regularization. 

The lower order contribution to the two-point vertex function of the 
gauge field is shown in Fig. 1. Here the wavy line is for the external F ab 
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Fig. 1. Two-point function of the gauge field. 



field, the dark circle is for the Lorentz-breaking vector b a insertion, and 
the dashed line denotes the standard propagator of the spinor field S(k) = 
< ip(—k)ip(k) >= i(7 ■ k + m)/(k 2 - m 2 ). 
The contribution of this diagram gives 

S 2 = 9 ^b a F bc b a ,F b , c , J ^ u tT[~e abc S(k)e a ' b ' c 'S(k)]. (2) 

Here we took into account that the external stress tensors can be treated as 
constants since the aether-like term does not depend on their derivatives. 

In three and five dimensions this contribution is explicitly finite within 
the dimensional regularization scheme. Evaluating the integrals and matrix 
traces, one can arrive at the following expressions: in three-dimensional 
spacetime, 

si D =V = ^\m\(b«F ab f, (3) 
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and in five-dimensional spacetime, 

S?= 5) = -^\M 3 (b a F ab f. (4) 

Thus, these contributions are proportional to {b a F ab ) 2 , that is, to the 
aether-like term considered in Ref. 6, which is a particular form of the 
CPT-even Lorentz-breaking term k abcd F ab F cd introduced in Ref. 1. 

3. Four-dimensional case 

Now, let us concentrate on the four-dimensional case which requires a more 
detailed discussion. In this case, the explicit form of the one-loop contribu- 
tion (2) looks like 

S 2 (p) = ~e abcd e a ' b ' c ' d 'b a F bc (p)b a ,F b , c ,I dd ,, (5) 

where 

/d 4 k 1 
(2tt) 4 [k 2 _ TO 2]2 tr [ w V7rf' + k m k n lmldlnld ] . (6) 

This expression can be evaluated in several ways. 

In the first way, we carry out the symmetrization in four dimensions 
and only afterwards promote the integral to d dimensions. It implies in 
the replacement k m k n — > ji] mn k 2 with rf nn r] rnn = 4. After promoting the 
integral to d = 4 + e dimensions and performing the integration we arrive 
at 

U« = ^j^^M) 1+i/2 \n-\) + r(-i - \)] = (7) 

This expression is finite. One can show that this result is also reproduced 
using the cutoff regularization and proper-time method. 

In the second way, we first promote the integral to d dimensions and 
replace k m k n -> \r] mn k 2 with f] mn i] mn = d. In this case, after a Wick 
rotation, we have 

e f d d k E 1 r 2(d-2) l2 „ 21 
By integrating, we arrive at 

^ *'>»t£^^-' 2 ^tt^ - 5) + i^ r (-f )l- (•) 

By taking the limit e — > 0, we obtain I dd i — 0. Therefore we conclude 
that the two-point function of the gauge field in the four-dimensional case 
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depends on the regularization scheme. A similar situation has been observed 
for the CFJ term. 8 

In the first case, when I^d' ^ 0, we carry out all contractions, so that 
the two-point function for the electromagnetic term takes the form 

S { 2 D=i \p)=g 2 ^(b a F ab )*, (10) 

which reproduces the structure of the aether-like term. 6 
4. Summary 

We have obtained the explicit form of the aether-like term for the elec- 
tromagnetic field. A peculiarity of our result consists in the fact that it is 
finite within the dimensional regularization approach in all spacetime di- 
mensions from three to five. The finiteness of the aether-like contribution 
in the four-dimensional case is especially interesting since this contribution 
is superficially quadratically divergent. At the same time, while at least 
three methods of calculating this correction yield the same result, there 
is nevertheless one method which gives a different result. So, it would be 
interesting to know if an anomaly exists which could be responsible for the 
ambiguity of the four-dimensional aether term. This question is still open. 

The CPT-even aether-like terms exist also for other fields. Their explicit 
expressions were found in all spacetime dimensions from three to five for 
the scalar and spinor fields. Therefore a relevant issue here is whether an 
acthcr-like term can arise as a quantum correction in the gravity theory. 
This question will be considered in the continuation of this study. 
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